We investigated the sample of galaxies belonging to the Tully groups of galaxies. We analyzed the orientation of galaxies inside the group. We did not found significant deviation from isotropy both in orientation of position angles and angles δ D and η giving the spatial orientation of galaxy planes. Moreover we analyzed consequences of different approximation of "true shape" of galaxies and showed possible influence of this problem for investigation of spatial orientation of galaxies. Implications of the obtained results for theory of galaxy formation was discussed as well.
Introduction
The problem of the formation of the structures in the Universe is one of the most important problem of modern extragalactic astronomy and cosmology. One of interesting aspects of this problem is the analysis of the orientation of galaxies inside the galaxy structures. The very important question is if there exists dependence on the alignment to the mass of the analyzed structures. It is because the investigation of the orientation of galaxies planes is regarded as a standard test of galaxies formation scenarios. [38, 48, 41, 11, 39, 10, 46, 40, 6] .
There was a lot of investigation of the orientations of galaxies inside clusters (see [18] for the latest review). God lowski et al [23] suggested that alignment of galaxies in cluster should increase with the number of objects in a particular cluster. That suggestion was confirmed by Aryal et al. [4] , based on the series of papers [1, 2, 3] . However both [23] and [4] analysis were qualitative only. For this manner God lowski at al. [24] analyzed sample of 247 rich Abell clusters using statistical tests and found that alignment increases with the richness of the clusters. The analysis of the orientation of galaxies in poor galaxy structures -Tully groups of galaxies was performed by God lowski et al. [23] . In this paper it was found that the group do not exhibit clear evidence for existence of alignment in the godlowski˙2 printed on November 14, 2011 Table 2 . Test for isotropy of the orientations of galaxy plane. The distribution of the angle η of galaxies, inclination taken directly from NGC Catalog. investigated structures. However they concluded, that observational effect generated by the process of deprojection of galaxies [22] , later confirmed by [20, 5] , masks to the high degree any possible alignment during analysis of the spatial orientation of galaxies in clusters. For these reasons we analyzed the orientation of galaxy in Tully galaxy group in more details. 
Observational data
The aim of our work is to study the alignment of galaxies in galaxy groups. Groups were taken from Tully Nearby Galaxies (NBG) Catalog [44] . This Catalog contains 2367 galaxies with radial velocities less than 3000 km s −1 . Tully Catalog provides relatively uniform coverage of entire unobscured sky [43] . Galaxies position angles were taken from [33, 34, 30, 31] while some missing measurements were made on PSS prints by Piotr Flin [21] . The NBG Catalog gives the group affiliation for the galaxies belonging to the catalog. The groups extracted from the NBG Catalog are one of the best selections with precise criterion of groups membership. Moreover, the galaxy distances are very well and in uniform maner determined. As a result the lists of galaxies belonging to the particular groups are free from the background objects which is crucial in such type of the analysis. From the NBG Catalog we extracted structures having at least 40 members. Table 5 . The statistics of the observed distributions for real clusters 
Methods of the analysis and results
We studied the alignment of galaxies in Tully groups of galaxies belonging to the Local Supercluster (LSC). Till now two main methods for study of the galaxy orientation were proposed. In the first one [25] the distribution of the position angle of the galactic image major axis was analyzed. In this approach, face-on and nearly face-on galaxies were excluded from the analysis and only galaxies with axial ratio d/D ≤ 0.75 were taken into consideration. The second approach, based on the de-projection of the galaxy images, allowed us to use also the face-on galaxies, This method was originally proposed byÖpik [37] , applied by Jaaniste & Sarr [29] and significantly modified by Flin & God lowski [12, 13, 14, 16, 17, 21] In this method the galaxy's inclination with respect to the observer's line of sight i is considered. In the Tully NBG Catalog [44] the inclination angle was calculated according to formula i = cos −1 (q 2 − q 2 0 )/(1 − q 2 0 ) −1/2 + 3 0 , where q = d/D is the ratio of minor to major axis diameters and q 0 is "true" axial ratio. Tully used standard value q 0 = 0.2. One should note that above formula is the modified Holmberg's [28] formula valid for oblate spheroids. For each galaxy, two angles are determined: δ D -the angle between the normal to the galaxy plane and the main plane of the coordinate system, and η -the angle between the projection of this normal onto the main plane and the direction towards the zero initial meridian. Using the Supergalactic coordinate system (Flin & God lowski [12] based on [42] ) the following relations hold between angles (L, B, P ) and (δ D , η)
where r = P − π/2.
In order to detect non-random effects in the distribution of the investigated angles: δ D , η and P we divided the entire range of the analyzed angles into 18 bins and carried out three different statistical tests. These tests were : the χ 2 test, the autocorrelation test and the Fourier test [25, 16, 17, 24, 19] . For n = 18 the χ 2 test yields critical value 27.59 (at the significance level α = 0.05) while critical value for autocorrelation test is C cr ≈ 6.89. The last value is obtained from numerical simulations using the method described by God lowski [19] . The isotropy of the resultant distributions of the investigated angles was also analyzed using Kolmogorov-Smirnov test (K-S test). We assumed that the theoretical, random distribution contains the same number of objects as the observed one. In order to reject the H 0 hypothesis, that the distribution is random one, the value of observed statistics λ should be greater than λ cr = 1.358 (for α = 0.05). One should note however that, especially in the case of position angles, the number of analyzed galaxies is sometimes small and does not satisfy theoretical tests conditions. It is the reason that we repeated our analysis with different numbers of bins, founding insignificant differences in these cases. At first, following God lowski et al. [23] but adding the K-S test, we analyzed orientation of galaxies in Tully groups using, for obtaining δ D and Table 8 . Test for isotropy of the distribution of supergalactic position angles P of galaxies. Only galaxies with certain measure P are taken into account. Tables 1-3 . Analysis of the supergalactic position angles showed that only one group (61) exhibits alignment of galaxies. Analysis of the distribution of the angles giving spatial orientation of galaxies (δ D and η) seems to show weak alignment. For δ D angle three tests showed that the distribution is non random in the case of the clusters 11, 31 and 51. Two tests showed nonrandomness in the case of clusters 41 and 52. For η angle three tests showed alignment in the case of clusters 11, 12, 41, 52 and 64. Two tests showed it in the case of clusters 31 and 51. For more detailed analysis we used the method described in [19] . The question which arose, is if we could say that we found an alignment in the analyzed sample of 18 Tully groups of galaxies. So we computed the mean value and variance of analyzed statistics: χ 2 , ∆ 1 /σ(∆ 1 ), ∆/σ(∆) (i.e. the same statistics as was analyzed in [24] ) for our sample of 18 groups and compared it with results of numerical simulations. We performed 1000 simulations of 18 fictious clusters, each with number of randomly oriented, members galaxies, the same as in real clusters. In the Table 4 we present, obtained from numerical simulations average values of the analyzed statistics, their standard deviations, standard deviations in the sample as well as their standard deviations for distribution of P angles. One should note that there are some differences in results of numerical simulations for P , δ D and η angles but it does not change our further conclusions. The mean values and variance of analyzed statistics for sample of real clusters are presented in the Table 5 . On can show that (for sample A) analysis of the position angles does not show significant deviation from the values expected in the case of random distributions, while it seems that analysis of angles δ D and η shows existence of alignment at the 2σ level (with exception of ∆/σ(∆) statistics for δ D angle). However, below we will argue against such interpretation.
The Tully groups were analyzed also by God lowski and Ostrowski [22] . For every cluster the parameter ∆ 11 describing the galactic axes alignment with respect to a chosen cluster pole, divided by its formal error σ(∆ 11 ) (s ≡ ∆ 11 /σ(∆ 11 )) were mapped. The cluster pole coordinates change along the entire celestial sphere. The resulting maps were analyzed for correlations of their maxima with important points on the maps (see Fig.1 for details). It was found that maxima correlated well with the line of sight direction. God lowski and Ostrowski [22] concluded that the strong systematic effect, generated by the process of galactic axis de-projection from its optical image, is present in the catalogue data. The example of that effect is presented in the Fig.1 . To avoid possible influence of global alignment inside LS, we choose for presentation the cluster 12 (Ursa Major Cloud) because it is far from the center of the Local Supercluster (i.e. Virgo Cluster). To remove above effect we should avoid the assumption that the "true" axial ratio is q 0 = 0.2, which is a rather poor approximation, especially for nonspiral galaxies. Fortunately NBG Catalog contains morphological types of galaxies. These allowed us to use different values of q 0 depending on morphological type [27] . Now, with help of Fouque & Paturel [15] formulae, which convert q to standard photometrical axial ratios, we compute new inclination angle i for all galaxies in NGB catalog. We repeated our investigation with that "new" sample of galaxies (sample B). As one can see from right panel of the Fig.1 , the "line of sight" effect disappeared which shows that our procedure for computation of the inclination angles are much better than the previous one. From the Tab.6 and Tab.7 we can show that during analysis of the spatial orientation of galaxies, the alignment is observed only in the case of η angle for clusters 11 and 41 (Virgo Cluster and Virgo -Libra Cloud). Of course our procedure does not change position angles. In the Tab.8 we presented analyzes of the distribution of P where only galaxies with the certainly measure positions angles were taken into account. On can show (Tab.5, sample B) that now the mean value of analyzed statistics does not exhibit any significant deviation from the values expected in the case of random distributions. The above results allowed us to conclude that we did not observe any significant alignment for Tully groups of galaxies.
Discussion and conclusions
We investigated the orientation of galaxies inside 18 Tully groups of galaxies belonging to the Local Supercluster, do not founding any signifi-cant alignment. So we conclude that orientations of galaxies in the Tully groups are random. We also analyzed observational effect generated by the process of deprojection of galaxies found by God lowski and Ostrowski [22] , which masks to the high degree any possible alignment during analysis of the spatial orientation of galaxies in clusters. We showed that using "true shape" of galaxies q 0 depending on morphological type according to Heidmann et al. [27] with help of Fouque & Paturel [15] corrections of q to standard photometrical axial ratios, allowed us to avoid this problem. This gives much more powerful investigation of the spatial orientation of galaxies.
In our prvious papers we found that in the sample of 247 rich Abell galaxy clusters we observed an alignment, which increased with the cluster richness [24, 19] . Now, we found that the orientation of galaxies inside the poor galaxy structure is random. It confirms our suggestion that alignment of galaxies increases with the mass of the structures [18] . Usually such dependence between the angular momentum and the mass of the structure is presented as empirical relation J ∼ M 5/3 [45, 47, 8, 7] . The observed relation between mass of the galaxy structure and the alignment is compatible with the prediction of the Li model [32] in which galaxies are forming in the rotating universe. However, in our opinion, it is due to tidal torque, as suggested by [26, 9] . Also the results of the analysis of the linear tidal torque theory which noticed the connection of the alignment with the considered scale of the structure is pointing in the same direction [35, 36] .
